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FOREWORD 


This  report  deals  with  research  in  the  field  of  blast  and  shock 
biology.  It  presents  the  results  of  experiments  in  which  four  small- 
animal  species  were  exposed  to  air  blasts  in  the  short-duration  range 
that  were  generated  with  different  weights  of  high- explosive  charges. 
The  data  were  combined  with  previous  shock-tube  information  to  define 
the  tolerance  of  small  animals  to  sharp-rising  overpressures  as  a 
function  of  duration. 

The  results  are  limited  to  small  animals  and  to  sharply  rising, 
single-pulse,  air-blast  waves  of  the  ideal  type.  They  do  not  apply  to 
other  pressure-time  patterns.  The  findings  are  applicable  to  military 
and  industrial  situations  involving  potential  exposure  to  air  blast. 

This  study  is  part  of  a  broad  program:  one  segment  of  which  is  to 
establish  interspecies  correlation  between  animal  size  and  tolerance  to 
air  blast  as  a  function  of  pulse  duration  to  aid  extrapolations  applicable 
to  the  human  case. 
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ABSTRACT 


\ 


A  total  of  993  mice,  rats,  guinea  pigs  and  rabbits  were 
exposed  to  sharp-rising  overpressures  of  various  short  durations. 
They  were  mounted  on  a  concrete  pad  above  which  high-explosive 
charges,  ranging  in  weight  from  0.  50  oz  to  64  lbs,  were  detonated. 

Pres  sure -time  measurements  were  obtained  with  pencil  -t*  ve 
and  shock-tube  piezo-electric  gauges  on  the  pad  directly  beneath  the 
charges.  The  duration  of  the  blast  waves  ranged  from  0.40  msec  to 
6.8  msec.  The  LD50  pressures  were  calculated  for  each  species  at 
the  different  pulse  durations. 

In  general,  the  pressures  required  to  produce  50-percent 
lethality  rose  at  the  shorter  durations.  Combining  the  results  of 
this  study  with  those  from  previous  shock-tube  investigations  made 
it  possible  to  define  the  tolerance  of  four  small-animal  species  to 
sharply  rising  overpressures  as  a  function  of  pulse  duration. 
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INTRODUCTION 


The  magnitude  of  the  overpressure  from  an  air  blast  required 
to  produce  animal  injury  and  death  depends  on  the  duration  of  the 
overpressure  (the  time  the  pressures  remain  above  atmospheric) 
and  the  character  of  the  leading  edge  of  the  pressure  wave;  that  is, 
whether  the  pressure  rises  in  a  single  shock,  multiple  shocks  or 
a  gradual,  smooth  manners-5* 

In  general,  for  sharp-rising  pressures  associated  with  a  single 
pulse,  animals'  tolerance  to  pressure  falls  off  rather  markedly  with 
increasing  durations^.  Fortunately,  there  is  a  trend  for  animals' 
resistance  to  sharp-rising  air  blasts  of  a  given  duration  to  be  directly 
related  to  species  size.  Advantage  has  been  taken  of  this  relationship 
to  predict  human  tolerance  through  interspecies  correlations  of  the 
mortality  data  obtained  with  five  and  six  species  of  experimental 
animals*,4.  However,  the  predicted  values  for  human  tolerance  can 
only  apply  to  the  pressure  durations  employed  in  gathering  the 
experimental  data.  For  instance,  with  sharp-rising  pressures  of 
2-to  3-msec  duration,  man's  tolerance,  in  terms  of  overpressure 
required  to  produce  50-percent  lethality  (LD50),  was  calculated  to  be 
between  370  and  470  psi3.  In  contrast,  when  lethality  data,  compiled 
with  a  400-msec  pulse,  were  extrapolated  to  man,  an  L.D50  of  near  50 
psi  was  obtained4.  Obviously,  there  is  a  need  for  data  on  the  response 
of  animals  to  overpressure  as  a  function  of  duration. 

These  studies  were  therefore  undertaken  to  determine  the  tolerance 
of  mice,  rats,  guinea  pigs  and  rabbits  to  high- explosive  air  blasts  of 
different  durations.  The  results,  when  added  to  those  from  previous 
shock-tube  investigations4,  5,  6,  would  establish  the  pressure-duration 
relationship  and  lethality  for  those  small-animal  species. 

The  gross  pathological  findings  recorded  at  autopsy  will  be 
presented  in  a  separate  report. 


METHODS 
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General 


In  these  experiments,  animals  were  exposed  to  sharply- 
rising  overpressures  of  different  durations  by  mounting  them  on  a 
concrete  pad  above  which  high-explosive  charges  of  various  weights 
were  detonated.  Pressure-time  measurements  were  made  on  each 
test  with  piezo-electric  gauges  located  at  the  surface  of  the  pad 
directly  beneath  the  charge.  The  mean  barometric  pressure  at  the 
blast  range  was  12.0  psi. 


The  Blast  Range 


The  general  layout  of  the  blast  site  appears  in  Figure  1. 

It  consisted  of  a  30  x  30-ft  pad  made  of  6-in.-thick  reinforced  concrete. 
The  explosive  charges  were  suspended  above  the  pad  by  a  cable-pulley 
system  slung  between  two  wooden  poles  that  were  located  on  the  east 
and  west  sides  of  the  pad. 

Embedded  in  the  concrete  pad  were  five  rectangular  boxes 
made  of  0.5-in  steel  plate.  The  inside  dimensions  of  each  box  were 
6x12  in.  and  6  in.  deep.  The  lids  of  the  boxes  served  as  mounts  for 
the  pressure  transducers.  These  lids  were  removable  and  were  flush 
with  the  surface  of  the  concrete  pad.  The  boxes  were  located  so  that 
pressure  gauges  could  be  placed  at  the  center  of  the  pad  and/or  at 
2-,  3-,  4-  and  8-ft  ranges. 

Within  the  concrete  pad,  1.5-in.  conduit  served  to  carry 
the  wire  leads  from  the  pressure  gauges  to  an  underground  instrumenta¬ 
tion  bunker  that  was  located  about  45  ft  from  the  center  of  the  concrete 
pad. 


High  Explosives  Utilized 


Table  1  gives  the  information  pertinent  to  the  types  and 
number  of  explosives  employed  in  these  experiments.  The  weights 
of  charges  were  64,  8,  1  and  0,25  lbs  and  0,50  oz.  All  charges  were 
spheres,  except  the  1-lb  charge  which  was  in  the  form  of  a  rectangular 
block.  It  was  always  oriented  with  its  long  axis  parallel  with  the 
surface  of  the  pad.  The  64-,  8-  and  1-lb  charges  were  composed  of 
TNT,  whereas  the  0.25-lb  explosives  were  Composition  B  and..the 
0.50-oz  charges  were  RDX. 

All  explosives  were  fired  electrically  with  the  detonator 
at  the  center  of  the  charge. 
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Figure  1 


TABLE  1 


HIGH-EXPLOSIVE  CHARGES  EMPLOYED  IN  THIS  STUDY 


Weight 

of 

Charge 

Type 

of 

Charge 

Dimensions 

of 

Charges* 

Type 

of 

Booster 

Number 

Utilized 

64  lb 

TNT  (cast) 

13  in.  dia. 
sphere 

2  oz-9404PBX 

3 

8.1b 

TNT  (cast) 

6. 5  in.  dia. 
sphere 

2  oz-9404PBX 

17 

1  lb 

TNT  (pressed) 

7x7/8xl-7/8  in. 
Rectangular  Block 

none 

42 

0.25  lb 

Composition  B 

2  in.  dia. 
sphere 

none 

36 

0.50  oz 

RDX 

1  in.  dia. 
sphere 

none 

Total 

87 

185 

♦  Detonated  with  Herco-Tube(§) electric  blasting  caps  (Hercules  Powder  Co.). 
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Experimental  Animals 

Table  2  gives  the  number  of  animals  from  each  species 
that  were  exposed  to  the  blast  from  the  different  weights  of  charges 
detonated  at  various  heights  above  the  pad.  The  height  was  measured 
from  the  center  of  the  explosive  to  the  surface  of  the  pad. 

A  total  of  993  animals  was  utilized,  of  which  414  were 
mice  (23.8  gm  mean  body  weight),  218  were  rats  (200  gm),  197  were 
guinea  pigs  (547  gm)  and  164  were  rabbits  (1.9  kg).  All  animals  were 
exposed  to  the  air  blast  in  a  prone  position  on  the  concrete  pad.  With 
the  exception  of  20  guinea  pigs  mounted  in  cages  (described  below), 
all  animals  were  held  in  place  by  nylon  strings  connected  to  their  legs 
by  metal  clamps. 


Animals  Directly  Beneath  the  Explosive  Charge 


All  animals,  except  110  mice,  were  exposed  directly 
beneath  the  charge.  The  circular  area  beneath  the  charge  in  which  the 
animals  were  placed  was  well  within  the  region  in  which  the  regular 
reflection  of  the  incident  shock  front  could  be  expected  to  occur.  In 
addition,  according  to  calculations,  the  magnitude  of  the  reflected 
pressure  should  not  decay  more  than  10  percent  over  the  distance  of  the 
circle's  radius.  The  diameter  of  the  circles,  as  a  function  of  the  scaled 
height  of  burst  for  the  five  weights  of  charges,  is  plotted  in  Figure  2. 
Consequently,  the  number  of  animals  tested  on  each  shot  depended  upon 
the  height  and  weight  of  the  explosive  employed. 

Caged  Animals 

To  determine  the  protection  afforded  by  an  animal 
cage,  20  guinea  pigs  were  exposed  to  the  air  blast  in  single  cages  —  10 
each  on  two  of  the  8-lb  shots.  They  were  paired  with  20  non-caged 
guinea  pigs.  The  cages  were  identical  to  those  used  in  previous  shock- 
tube  studies  with  guinea  pigs^>  5,  6  — measuring  3  x  3  x  8-1/2  in.  and 
made  of  expanded  metal  which  provided  approximately  60  percent  open 
area. 


Animals  to  the  Side  of  the  Charge 


In  order  to  expose  mice  to  a  blast  wave  having  a 
duration  shorter  than  that  recorded  directly  beneath  the  smallest  charge 
available  (0,50  oz),  it  was  necessary  to  use  a  different  geometry  of 
exposure.  The  0.50-oz  charge  was  suspended  6  in.  above  the  surface 
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TABLE  2 

THE  NUMBER  OF  ANIMALS  EXPOSED  WITH 
THE  CHARGES  AT  VARIOUS  HEIGHTS 


Height  of 
Explosives, 
ft 

Mouse 

Rat 

Guinea  Pig 

Rabbit 

64-lb  TNT: 

30.0 

-  - 

-  - 

-- 

8 

28.0 

-  - 

•  - 

-  - 

28 

Total 

8-lb  TNT: 

15 

•  - 

42 

.  . 

14 

-  - 

40 

50* 

50 

13 

-- 

-- 

10 

20 

Total 

40 

102 

70 

1-lb  TNT: 

8.5 

40 

.... 

-- 

8.0 

60 

-  - 

-- 

-  - 

7.5 

20 

10 

20 

-- 

7.  25 

-- 

-- 

10 

-  - 

7.0 

-- 

20 

30 

-- 

6.75 

-- 

20 

-  - 

6.5 

-  - 

30 

-- 

22 

6.  25 

»« 

-- 

-  - 

4 

6.0 

-- 

17 

5.5 

-- 

-- 

-- 

6 

Total 

120 

80 

60 

49 

0.  25-lb  Comp.  B: 

5.0 

30 

-- 

-- 

-- 

4.5 

10 

-- 

-- 

-- 

4.  25 

10 

25 

-- 

-  - 

4.0 

-- 

35 

20 

-- 

3.75 

-- 

-- 

15 

-- 

3.5 

-- 

-- 

1 

3.42 

-- 

-- 

-- 

2 

3.  3 

— 

-- 

-- 

6 

Total 

50 

60 

35 

9 

0.50-oz  RDX: 

2.  33 

40 

-- 

-- 

-- 

2.  17 

94 

-- 

-- 

-  - 

1. 58 

-- 

38 

-- 

-- 

Total 

134 

38 

0.  50-oz  RDX: 

0.50 

46 

(20  in. 

to  the  side) 

0.50 

48 

(21  in. 

to  the  side) 

0.  50 

16 

(23  in. 

to  the  side) 

Total 

110 

Grand  Totals 

414 

218 

197 

164 

*  20  wore  in  cages. 


6 


Diameter,  ft. 


if 
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of  the  pad,  and  the  mice  were  located  along  the  circumference  of  a 
circle  at  ground  ranges  of  20,  21  or  23  in.  from  the  center  of  the 
charge. 

Pressure-Time  Measurements 


Pressure  Transducers 

Two  types  of  piezo-electric  pressure  transducers 
were  used  to  measure  pressure-time  in  these  experiments.  Pencil- 
type  pressure  transducers  (Model  LC-33,  Atlantic  Research  Corp., 
Alexandria,  Va.)  were  routinely  employed  on  every  test,  and  were 
supplemented  by  a  shock-tube  gauge  (ST- 2,  Susquehanna  Instruments, 

Bel  Air,  Md. }  in  the  latter  parts  of  the  study  —  especially  those  experi¬ 
ments  in  which  the  mice  were  exposed  to  the  side  of  the  0.50-oz  charge. 

The  pencil-type  gauges  measured  10  in.  in  length  and 
were  0.63  in.  in  diameter.  The  sensing  element  was  a  Lead  Zirconate 
crystal  which  was  located  approximately  3  in.  aft  of  the  tip  of  the  gauge. 
The  frequency  response  of  the  gauge  is  flat  ±  2  db  from  1  cps  to  80  kcps, 
having  a  range  from  0  -  500  psi;  and  it  measured  the  pressure  side-on. 

Pencil  gauges  were  mounted  through  holes  in  the  lids 
of  steel  boxes.  They  were  shock-mounted  and  secured  to  the  underside 
of  the  lids  with  just  the  forward  portion  of  the  gauge  protruding  above 
the  pad.  The  sensing  element  of  the  gauge  was  therefore  always  0.75 
in.  above  the  surface  of  the  lid. 

ST- 2  gauges  contained  sensors  of  Lead  Metaniobate. 
They  were  cylindrical  in  shape  and  0.50  in.  in  diameter  with  a  frequency 
response  of  200  kcps.  They  were  always  placed  with  the  sensing  surface 
flush  with  the  surface  of  the  box  lid.  The  wire  leads  of  the  gauges  were 
passed  from  the  inside  of  the  boxes  through  the  conduits  into  the  under¬ 
ground  bunker. 


Signal.'  from  the  gauges  were  fed  through  Atlantic  Type 
104 -A  amplifiers  that  have  high-input  impedance  (500  meg  ohms)  and  low- 
output  impedance.  The  amplifiers  were  powered  by  an  Atlantic  Type  105 
power  supply  and  have  a  1-  or  10-times  amplification  factor.  From  the 
amplifiers,  the  signals  were  fed  into  a  Tektronix  cathode-ray  oscilloscope, 
Type  531-A  —  modification  104  —  having  a  Type  B  wide-band,  plug-in  type 
preamplifier  unit.  The  trace  on  the  cathode  tube  of  the  oscilloscope  was 
photographed  by  a  Beattie -Coleman  camera,  which  had  a  Polaroid  Land 
camera  back-mounted  in  a  periscope  assembly. 

Sweeps  on  the  oscilloscopes  were  externally  triggered 
by  a  signal  from  a  Barium  Titanate  piezo-electric  gauge  mounted  on  a 
probe  about  6  in.  above  the  pad. 


8 


Calibration  of  Pressure  Transducers 


An  air-driven,  closed-end  shock  tube  1  -ft  in  diameter 
was  employed  to  calibrate  the  pencil-type  gauges.  The  latter  were 
mounted  in  the  plate  that  closed  the  end  of  the  expansion  chamber.  The 
sensing  elements  of  the  gauges  were  3.  5  in.  from  the  upstream  surface 
of  the  plate  at  calibration.  The  voltage  output  of  each  gauge  as  a  function 
of  the  applied  shock  pressures  was  determined.  Pressures  in  the  shock 
tube  were  monitored  by  Kistler  Quartz  piezo-electric  gauges  (Kistler 
Instrument  Corp.  ,  North  Tonawanda,  N.  Y. )  and  from  shock-velocity 
measurements  taken  with  a  Hewlett-Packard  counter  which  was  started 
and  stopped  by  the  signal  from  gauges  spaced  18  in.  apart  in  the  wall  of 
the  shock  tube,  Kistler  transducers  were  statically  calibrated,  using  a 
small  tank  in  which  the  pressure  was  measured  by  a  Heise  Bourdon  Tube 
Gauge.  *  There  was  good  agreement  between  the  magnitude  of  the  shock 
pressures  measured  by  the  Kistler  gauges  and  those  calculated  from 
shock-velocity  measurements. 

The  ST- 2  gauges  were  also  calibrated  on  the  shock 
tube  in  a  manner  similar  to  the  pencil  gauges,  except  that  they  were 
mounted  in  the  wall  of  the  tube. 

The  amplifier,  cables  and  other  fittings  associated 
with  a  particular  gauge  at  calibration  were  transferred  as  a  unit  to  the 
pad  facility.  The  time-constant  and  frequency  response  of  the  gauges 
and  associated  electronic  system  described  above  were  found  adequate 
to  follow  the  pulse  from  the  blast  since  it  reproduced  a  pressure  wave 
of  a  known  shape  in  the  calibration  shock  tube. 

Pressure-Time  Records 


Representative  pressure-time  records  taken  with  pencil 
gauges  located  directly  beneath  three  different  weights  of  explosives  are 
illustrated  in  Figure  3.  Since  the  sensing  elements  of  the  gauges  were 
3/4  in.  above  the  surface  of  the  pad,  the  ascending  portion  of  the  pressure 
wave  can  be  resolved  into  the  incident  and  reflected  shock  fronts.  In  the 
area  directly  beneath  the  charge,  the  incident  shock  front  and  the  asso¬ 
ciated  flow  travel  directly  toward  the  pad,  whereas  the  reflected  shock 
travels  in  the  opposite  direction  —  up  from  the  surface  of  the  pad.  Conse¬ 
quently,  little  tethering  is  necessary  to  hold  animals  in  place  during  the 
blast  with  this  geometry  of  exposure, 

The  duration  of  the  overpressure  was  measured  on  the 
pressure-time  record  between  the  initial  rise  of  pressure  associated  with 
the  incident  shock  front  and  the  point  where  the  trace  first  crossed  below 
the  base  line  at  which  time  the  pressure  was  at  ambient.  As  noted  on 
some  of  the  pressure  records  in  Figure  3,  there  is  a  second  small  shock 
near  the  tail  of  the  pulse.  This  was  not  included  in  the  duration  of  the 
pressure  if  it  occurred  after  the  pressure  first  crossed  over  into  the  nega¬ 
tive  phase. 


^'Certified  by  Heise  Bourdon  Tube  Co.  ,  Newton,  Conn,  as  calibrated 
using  a  master  Bureau  of  Standards  piston  gauge. 
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RESULTS 


Mortality 

* 

The  mortality  and  pressure-time  parameters  associated 
with  each  weight  o £  explosive  charge  are  given  in  Tables  3  through  6 
for  mice,  rats,  guinea  pigs  and  rabbits,  respectively.  The  pressure¬ 
time  data  were  taken  from  gauges  located  directly  beneath  the  charge 
—  excepting  those  recorded  with  mice  exposed  off  to  the  side  of  the 
0.50-oz  charge  (Table  3). 

By  and  large,  there  was  an  inverse  relationship  between 
the  peak  pressure  on  the  pad  and  the  height  of  the  explosive  charge. 

In  some  cases,  the  data  obtained  with  a  given  weight  of  charge  at 
slightly  different  heights  were  grouped  because  the  pressures  over¬ 
lapped.  In  a  few  instances,  e.g.,  the  mouse  and  rat  on  the  0.50-oz 
trials  (Tables  3  and  4),  the  pressures  obtained  with  the  charges  at  a 
given  height  varied  enough  that  it  was  possible  to  divide  them  into 
separate  groups  with  their  corresponding  mortalities. 

As  noted  in  Tables  3  through  6,  the  durations  of  the 
pressures  grew  with  the  increased  weight  of  explosive.  Also,  in 
general  and  to  a  far  lesser  extent,  the  duration  of  the  pulse  from  a 
given  weight  of  charge  increased  slightly  with  its  distance  above  the 
pad.  In  only  one  instance  (rabbit  and  1-lb  charge),  was  this  latter 
variation  in  duration  considered  significant;  and  it  was  necessary  to 
divide  the  data  into  two  groups:  those  of  1.4  msec  and  those  of  1. 0-to 
1.2-msec  durations  (Table  6). 

The  probit  analysis?,  programmed  fora  Bendix  G-15 
Electronic  Computer,  was  the  method  used  to  calculate  the  LD50 
pressures  (the  pressure  required  to  kill  50  percent  in  a  stated  period 
of  time).  The  probit  analysis  related  the  percentage  mortality  in 
probit  units  to  the  logarithm  of  the  reflected  shock  pressure.  The 
probit  method  transformed  the  typical  sigmoid  mortality  curve  into  a 
straight  line  and  provided  the  regression  line  equation: 

y  s  a  +  b  log  x 

where:  y  a  the  percent  mortality  in  probit  units 
x  =  pressure,  psi 
a  =  intercept  constant 
b  a  slope  constant 

The  reader  will  recall  that  the  mice  exposed  off  to  the 
side  of  the  0.50-oz  charge  were  subjected  to  only  the  incident  shock. 
Consequently,  the  incident  shock  pressure  was  correlated  with  lethality 
(Table  3). 
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TABLE  3 


MOUSE  MORTALITY  AND  PRESSURE-TIME  DATA 
OBTAINED  WITH  EACH  WEIGHT  OF  CHARGE 


Height 

Overpre 

ssure,  psi 

l-hour  Mortality 

24-hour  Mortality 

of  Charge, 

Incident 

Reflected  Duration, 

No.  Dead 

■ rrns.rrT:  hk 

ft 

Shock 

Shock 

msec 

Total 

Percent 

0. 50-oz  RDX  (  charge 

to  the  side  of  animals): 

0.5 

30.4 

-  - 

0.42 

2/16 

12.5 

2/16 

12.5 

0.5 

38.4 

-- 

0.38 

16/30 

53.3 

16/30 

53.3 

0.5 

43.4 

-- 

0.41 

17/28 

60.7 

17/28 

60.7 

0.5 

46.  2 

-  - 

0.43 

10/18 

55.6 

10/18 

55.6 

0.5 

48.9 

-  « 

0.40 

16/18 

88.9 

16/18 

88.9 

mean 

7TTT 

LD5o= 

=  39.6 

LD50=39, 

,6 

0.50-oz  RDX: 

2.  17&2.33 

13.4 

27.7 

0.63 

7/32 

21.9 

7/32 

21.9 

2. 17&2.33 

15.7 

32.9 

0.57 

23/48 

47.9 

26/48 

54.2 

2.  17 

17.5 

37.9 

0.47 

26/34 

76.5 

27/34 

79.4 

2.  17 

18.5 

41.8 

0.50 

17/20 

85.0 

17/20 

85.0 

mean 

1375? 

LD50’ 

=33.0 

LD50=32 

.4 

0.  25-lb  Comp.  B: 

5.  0 

12.0 

27.4 

1.3 

3/10 

30.0 

3/10 

30.0 

5.0 

13.  1 

30.0 

1.4 

10/20 

50.0 

10/20 

50.0 

4.  25&4.  5 

16.7 

39.2 

1.2 

19/20 

95.0 

19/20 

95.0 

mean 

T3 

LD50 

=29.9 

LD50=29 

.9 

1-lb  TNT: 

8.  5 

8.8 

21.0 

2.2 

1/20 

5.  0 

1/20 

5.0 

8.5 

10.6 

24.0 

2.  1 

4/20 

20.0 

4/20 

20..  0 

8.0 

11.5 

27.3 

2.1 

34/60 

66.7 

38/60 

63.3 

7.5 

12.2 

28.5 

2.0 

17/20 

85.0 

18/20 

90.0 

mean 

TT 

ld50=; 

26.0 

LD5o=26.0 

12 


TABLE  4 


RAT  MORTALITY  AND  PRESSURE-TIME  DATA 
OBTAINED  WITH  EACH  WEIGHT  OF  CHARGE 


Height 

Overpres 

sure,  psi 

1-hour  Mortality 

24-hour  Mortality 

of  Charge, 

Incident 

Reflected  Duration, 

Ho.  Dead 

No.  t>ead 

ft 

Shock 

Shock 

msec 

Total  Percent 

Total  Percent 

0.  50-oz  RDX: 

1.58 

27.8 

53.  1 

0.40 

1/13  7.7 

3/13  23.1 

1.58 

32.  6 

65.8 

0.40 

4/12  33.3 

5/12  41.7 

1.58 

37.7 

74.  1 

0.40 

6/13  46.2 

8/13  61.5 

mean 

'O'.  40' 

LD5o=75.0 

LD50=68.5 

0. 25 -lb  Coiwp.  B: 

4.25 

16.4 

39.4 

1.05 

2/20  10. 0 

3/20  15.0 

4.0&4.25 

17.6 

44.0 

1.04 

5/20  25.0 

7/20  35.0 

4.0 

18.3 

46.  6 

1.03 

5/10  50.0 

5/10  50.0 

4.0 

20.  1 

48.5 

1.00 

6/10  60.0 

7/10  70.0 

mean 

T7C7 

LD50=47.2 

LDso=46.  0 

1-lb  TNT: 

7.0&7.5 

14.3 

34.2 

1.6 

0/20  0 

3/20  15.0 

6.5,  6.75 

&  7.0 

17.  1 

42.5 

1.6 

14/30  46.7 

19/30  63.3 

6. 5&6. 75 

20.9 

52.7 

1.5 

26/30  86.7 

26/30  86.7 

mean 

T75 

LD50=44. 1 

LD50=40.9 

8 -lb  TNT: 

14.0 

12.6 

33.2 

3.6 

4/20  20.0 

4/20  20.0 

14.0 

14.4 

37.6 

3.  6 

8/10  80.0 

8/10  80.0 

14.  0 

14.4 

38.0 

3.6 

7/10  70.0 

7/10  70.0 

mean 

TT5 

LDso-35. 7 

LDso=35.7 
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TABLE  5 


GUINEA  PIG  MORTALITY  AND  PRESSURE- TIME  DATA 
OBTAINED  WITH  EACH  WEIGHT  OF  CHARGE 


Height 

Overpressure,  psi 

1-hour  Mortality 

24 -hour  Mortality 

of  Charge, 

Incident 

Reflected  Duration. 

No.  Dead 

No.  Dead 

ft 

Shock 

Shock 

msec 

Total  Percent 

Total 

Percent 

0.  25 -lb  Comp.  B: 

4.0 

18.8 

45.6 

0.85 

3/12  25.0 

3/12 

25.0 

4.  0 

20.0 

47.8 

0.85 

3/8  38.0 

4/8 

50.0 

3.75 

24.7 

58.8 

0.85 

12/15  80.0 

13/15 

86.7 

tnean 

or 

LD50=50.9 

ld50= 

49.4 

1-lb  TNT: 

7.5 

12.2 

29.  1 

1.6 

0/10  0 

0/10 

0 

7.  5 

14.0 

34.8 

1.6 

1/10  10.0 

1/10 

10.0 

7.  0 

16.0 

39.8 

1.5 

30/40  75.0 

30/40 

75.0 

mean 

T7S 

LD5o=38.0 

LDso= 

38.0 

8-lb  TNT: 

15.0 

11.0 

28.5 

4.2 

4/10  40.0 

4/10 

40.0 

15.0 

11.0 

33.5 

3.8 

16/32  50.0 

17/32 

53.  1 

14.  0 

14.2 

34.1 

3.5 

16/20  80.0 

17/20 

85.0 

13.0&14.0 

13.8 

36.0 

3.6 

18/20  90.0 

18/20 

90.0 

mean 

i.  8 

LD50=31.2 

LD50=31.0 
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TABLE  6 


RABBIT  MORTALITY  AND  PRESSURE- TIME  DATA 
OBTAINED  WITH  EACH  WEIGHT  OF  CHARGE 


Height 
of  Charge, 
ft 

Overpressure,  psi 

Duration, 

msec 

1-hour  Mortality 

1 H 

Incident 

Shock 

Reflected 

Shock 

No.  Dead 
Total 

Percent 

No*  Dead 
Total 

Percent 

0.25-lb  Comp  B: 

3,  3,  3.42  & 

26. 1 

63.9 

0.90 

3/9 

33.3 

3/9 

33.3 

3.  5 

LDso=l 

67.2* 

LD50=67.2* 

1-lb  TNT: 

6.0 

24. 1 

64.4 

1.2 

1/4 

25.0 

2/4 

50.0 

6.0 

25.0 

70.0 

1.2 

3/4 

75.0 

3/4 

75.0 

5.5&6.0 

28.0 

77.6 

1.0 

9/10 

90.0 

9/10 

90.0 

mean  T71 

LD50=67.6 

LDso=' 

64. 1 

1-lb  TNT: 

6.5 

19,2 

50.9 

1.4 

6/14 

42.8 

6/14 

42.8 

6.5 

20.4 

55.0 

1.4 

4/8 

50.0 

4/8 

50.0 

6.0&6.25 

24.8 

62.5 

1.4 

8/9 

88.9 

8/9 

88.9 

mean  1.4 

LD  50=53.0 

LD5o= 

53.0 

8 -lb  TNT: 

14.0 

12.4 

32.2 

3.6 

1/10 

10.0 

1/10 

10.0 

14.0 

12.8 

34.3 

3.6 

2/10 

20.0 

2/10 

20. 0 

13.0&14.0 

14.3 

37.6 

3.6 

17/40 

42.5 

18/40 

45.0 

13.0 

16.0 

40.4 

3.4 

7/10 

70.0 

7/10 

70.0 

mean  3.  o 

LDso= 

38.3 

LDso= 

38.  1 

64 -lb  TNT: 


30.0  11.8 

48.0  13.8 

28.0  13.2 


29.3 

35.5  6.8 

36.3  6.8 
mean  678 


0/8  0 
4/8  50.0 

13/20  65.0 

LD50=35,5 


0/8  0 
4/8  50.0 

16/20  80.0 

LD50=35.  5 


*  Computed  from  1  data-point  (see  text). 
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These  LD50  values  were  included  beneath  the  appropriate 
mortality  columns  of  Tables  3  through  6.  In  most  instances,  there 
was  little  or  no  difference  between  lethality  at  i  hour  and  24  hours; 
consequently,  only  the  24-hour  mortality  will  be  referred  to  through¬ 
out  the  remainder  of  this  report. 

The  probit  mortality  curves  computed  from  the  24-hour 
mortality  data  obtained  with  the  pressure  durations  associated  with 
each  weight  of  charge  were  given  in  Figures  4  through  7  for  the  mouse, 
rat,  guinea  pig  and  rabbit,  respectively.  According  to  statistical  tests, 
the  probit  mortality  curves  for  the  mice  could  be  considered  parallel 
—  as  were  those  for  the  rats,  guinea  pigs  and  rabbits.  The  adjusted 
slope  constants  (b)  for  the  mouse,  rat,  guinea  pig  and  rabbit  equations 
were  11.953,  11.684,  18. 222  and  19. 625,  respectively. 

The  LD50  for  the  mouse  at  durations  of  2.  1  msec  (1-lb 
charge),  1 .  3  msec  (0.  25-lb  charge),  0.  55  msec  (0. 50-oz  charge)  and 
0.41  msec  (0.  50-oz  charge)  were  26.0,  29.9,  32.4  and  39.6  psi, 
respectively  (Table  3  and  Figure  4). 

The  rat  LD50  values  were  computed  to  be  35.7  psi  (3.6 
msec),  40. 9  psi  (1. 6  msec),  46.  0  psi  (1 . 04  msec)  and  68. 5  psi  (0.40 
msec)  compiled  from  the  8-,  1-  and  0.25-lb  and  0.  50-oz  detonations, 
respectively  (Table  4  and  Figure  5). 

With  overpressure  durations  of  3.8,  1.6  and  0.85  msec 
associated  with  the  8-,  1-  and  0.25-lb  charges,  LD50  pressures  for 
guinea  pigs  were  calculated  to  be  in  the  same  order:  31. 0,  38.0  and 
49.4  psi  (Table  5  and  Figure  6). 

The  mean,  lethal  reflected  pressures  for  rabbits  were 
found  to  be  35.  5  psi  at  6. 8-msec  duration,  38. 1  psi  at  3. 6  msec,  53.0 
psi  at  1.4  msec  and  64.  1  psi  at  1.  I  msec.  The  weights  of  explosives 
were  64,  8,  1  and  1  lbs,  respectively  (Table  6  and  Figure  7). 

As  noted  in  Table  6,  only  nine  rabbits  were  exposed  to  the 
blast  from  the  0.25-lb  charge.  It  was  therefore  necessary  to  calculate 
an  LD5Q  from  just  one  data  point:  33.  3  percent  lethality  with  a  pressure 
of  63.9  psi.  This  involved  substituting  these  values  into  the  probit 
regression  line  equation  along  with  an  average  slope  constant  and  solving 
for  the  intercept  a.  This  provided  a  probit  regression  line  equation 
from  which  the  LD50  was  computed.  The  procedure  was  as  follows: 

y  =  a  +  b  log  x 

where:  v  =  4.568  (33.  3 -percent  mortality) 
log  x  =  log  63.9  psi 

b  =  19.625  (the  adjusted  slope  constant  com¬ 
puted  from  the  other  four  regression  line 
equations  for  rabbits) 
a  =  4.658  -  19.625  x  1.806 
a  =  -30,864 
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Mortality,  Probit  Units 


Shock  Pressure,  psi 


Figure  4 
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Mortality,  Per  Cent 


Mortality,  Probit  Units 
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Reflected  Shock,  psi 


Log  Reflected  Shock  Pressure,  psi 


Figure  5 
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Mortality,  Probit  Units 
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Reflected  Shock  Pressure,  psi 


Figure  6 
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Mortality,  Per  Cent 


20 


Mortality,  Per  Cent 


The  derived  equation  was:  y  =  -30.864  +  19.625  log  x.  By  substituting 
the  probit  of  5  (50-percent  mortality)  for  y  and  solving  for  x,  an  UD5Q 
of  67.  2  psi  was  obtained. 


The  Effect  of  an  Animal  Cage  on  the  Guinea  Pig  Response  to  the 
Air  Blast 

Table  7  compares  the  mortality  between  20  guinea  pigs 
exposed  to  air  blast  in  cages  and  20  guinea  pigs  without  cages.  Two 
shots  were  involved:  both  were  8  lbs  at  14  ft.  On  the  first  trial  there 
was  40-  and  90-percent  lethality  recorded,  respectively,  for  animals 
caged  and  not  caged,  with  reflected  shock  pressures  of  34.0  psi.  There 
was  50-  and  80-percent  mortality  for  caged  and  non-caged  animals  on 
the  second  detonation  in  which  the  reflected  pressure  was  35.2  psi.  Thus, 
by  combining  the  results  of  the  two  trials,  there  was  45-percent  mortality 
for  guinea  pigs  in  cages  and  85  percent  for  non-caged  animals  at  the  mean 
reflected  pressure  of  34.6  psi. 

The  L.D50  for  non-caged  guinea  pigs,  beneath  the  8-lb  charge 
with  a  mean  duration  of  3.  8  msec,  was  found  to  be  31.0  psi  (Figure  6). 

A  calculation  of  the  LD50  from  the  data  in  Table  7  (by  the  method  previ¬ 
ously  described  in  connection  with  the  rabbit)  for  caged  animals  of  the 
same  species  was  35.2  psi.  Because  the  mortality  curves  are  very  steep 
and  no  doubt  parallel,  this  difference  in  response  places  the  curve  for  the 
caged  animals  about  5  psi  to  the  right  of  that  for  the  non-caged. 

The  Tolerance  of  Small  Animals  to  Overpressure  as  a  Function  of 
Duration 


The  results  of  the  probit  analysis  on  the  24-hour  mortality 
data  obtained  in  the  present  study  for  each  of  the  durations  are 
summarized  in  Tables  8  through  11  for  the  mouse,  rat,  guinea  pig  and 
rabbit.  Included  in  the  tables  are  the  probit  data  for  these  species 
obtained  with  shock  tube-generated  reflected  pressures  of  6  to  8-sec5, 
400-msec^  and  3  to  4-msec^  durations  from  previous  studies.  The 
animals  were  mounted  on  the  reflecting  plate  that  closed  the  end  of  the 
shock  tube;  a  geometry  of  exposure  analogous  to  that  employed  in  the 
study  reported  here.  The  animals  tested  in  the  shock-tube  experiments 
were  all  caged. 

The  LD50  values  for  the  different  durations  given  in  Tables 
8  through  11  were  plotted  in  Figure  8  for  each  species.  As  noted  in 
Figure  8,  the  duration  of  the  overpressure  had  a  marked  effect  on 
animal  tolerance.  The  LDso's  dropped  rapidly  as  the  duration  of  the 
pressure  grew  and  then  plateaued  off.  At  the  longer  durations,  the 
tolerance  of  a  given  species  to  overpressure  did  not  change  importantly. 
It  can  also  be  pointed  out  in  Figure  8  that  the  range  of  durations  over 
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TABLE  7 


COMPARISON  OF  THE  MORTALITY  OBTAINED 
WITH  CAGED  AND  NONCAGED  GUINEA  PIGS 


Pressure,  psi 

Incident  Reflected  Duration,  Mortality  (24  hrs) _ 

Shock _ Shock _ msec _ Animals  Caged  Animals  not  Caged 


13.5 

34.0 

3.5 

(4/10) 

40% 

(9/10) 

90% 

14.  0 

35.2 

3.7 

(5/10) 

50% 

(8/10) 

80% 

Mean  13.8 

34.6 

3.6 

(9/20) 

45% 

(17/20) 

85% 

1.  Computed  LD50  for  caged  animals  35.2  psi  by  adjusted  slope  technique, 
see  text. 

2.  LD50  for  noncaged  animals  31.0  psi. 

3.  In  both  instances,  the  charge  was  S  lb  and  14  ft  above  the  surface. 
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1  and  2  indicate  LD50  at  1  hour  and  2  hours,  respectively;  all  others  are  LD50  *4 
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1  and  2  indicate  L.D50  at  1  hour  and  2  hours,  respectively;  all  others  are  LD50  24- 
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.nd^  indicate  LD50  at  1  hour  and  2  hours,  respectively;  all  others  are  LD50  24- 


TABLE  11 
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msec  sec  msec  _  sec 

Duration  Duration 


which  the  tolerance  to  overpressure  (LD50)  began  to  climb  was  different 
for  each  of  the  four  species  and  appeared  to  be  related  to  their  size.  For 
instance,  the  rabbit  curve  began  to  rise  over  the  3.5-  to  5-msec  range; 
that  for  the  mouse,  over  the  0.4-  to  0.8-msec  region.  The  guinea  pig 
and  rat,  respectively,  rose  over  the  2-  to-3-msec  and  1.5-  to  2.5-msec 
durations.  The  duration  of  the  pressures  over  which  the  curves  initially 
started  to  ascend  has  been  termed  the  "critical  duration11^.  Thus,  for 
pulse  durations  shorter  than  the  critical  duration,  both  the  peak  pressure 
and  the  duration  are  definitive  for  lethality.  For  overpressures  longer 
than  the  critical  duration,  it  is  only  the  magnitude  of  the  pressure  that  is 
significant  for  lethality. 
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DISCUSSION 


The  results  of  this  investigation,  with  tho 
tube  studies  undertaken  at  this  laboratory^1 
the  response  of  mice,  rats,  guinea  pigs  and  rabbits  to  single-pulse, 
sharp-rising  overpressures  as  a  function  of  duration.  The  results 
showed  that  the  duration  of  the  positive  phase  had  a  marked  effect  on 
the  animals'  resistance  to  air  blast  —  especially  at  the  shorter  durations. 

The  results  provided  extensive  tolerance  data  that  will  receive  further 
analytical  treatment  aimed  at  an  understanding  of  the  mechanism  involved 
in  air-blast  injury.  Moreover,  the  data  furnished  base  line  information 
on  which  the  results  of  future  experiments  dealing  with  protection  against 
blast  will  be  evaluated. 

At  the  present  time,  one  cannot  relate  biological  response  to  any  one 
physical  parameter  of  the  blast  wave,  except  possibly  for  classical  pulses 
of  very  long  duration.  Previous  investigator  s®,  9  also  have  pointed  out 
that  biological  response  could  not  be  directly  correlated  with  either  the 
impulse  (pressure-time  integral)  or  the  maximal  pressure.  Thus,  with 
small  charges  (short  durations),  both  the  maximal  pressure  and  its 
duration  must  be  specified  in  defining  the  dose;  whereas  with  large  charges 
(long  durations),  the  maximal  pressure  appears  to  be  the  physical  compo¬ 
nent  associated  with  animal  response.  A  mathematical  model  of  the  fluid- 
mechanical  behavior  of  the  thoracic-abdominal  structures  in  connection 
with  pres  sure- time  measurements  taken  in  the  animals'  thorax  during 
exposure  to  blast  may  help  in  establishing  parameters  of  significance*0. 

It  should  be  emphasized  here  that  papers  have  been  published  to  show 
that  animal  tolerance  rises  when  the  overpressure  is  applied  in  two  dis¬ 
tinct  shocks  separated  by  a  short  time- inter val^i  ii>  12,13.  Consequently, 
the  tolerance  values  (LD50)  reported  herein  can  only  apply  to  pressure 
pulses  that  rise  in  a  nearly  instantantous  manner. 

In  these  studies,  the  animals  were  exposed  to  the  air  blasts  without 
cages  in  order  to  make  the  data  directly  comparable  to  that  for  larger 
species  which  are  usually  held  in  place  by  methods  other  than  caging.  The 
results  of  the  tests,  which  compared  guinea  pig  lethality  with  caged  and 
non- caged  animals,  revealed  that  some  protection  was  afforded  against 
the  shock  wave  by  the  particular  type  of  caging  employed.  This  could 
explain  why  the  shock  tube  LD50  values  obtained  with  caged  animals  tended 
to  be  slightly  higher  than  those  compiled  with  high  explosives  at  durations 
beyond  the  critical  range.  Be  that  as  it  may,  properly  designed  cages 
minimize  displacement  of  animals  by  the  blast,  and  this  displacement, 
under  certain  conditions  of  exposure,  could  introduce  more  uncertainties 
than  the  protection  afforded  by  caging. 

As  previously  mentioned,  the  critical  duration  appears  to  vary  with 
species  size.  Experiments  are  now  in  progress  to  determine  the  influence 
the  pressure-duration  relationship  has  on  lethality,  as  well  as  the  "critical 
duration",  for  several  large  mammalian  species.  It  is  hoped  that  the 
"critical  duration"  may  aid  in  the  extrapolation  of  these  data  to  the  70-kg 
animal. 


e  from  previous  shock- 
,  have  fairly  well  defined 
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The  main  objective  of  this  study  was  to  determine  the  LD5Q  pressures 
for  different  durations.  In  most  instances,  a  sufficient  number  of  animals 
was  used  to  get  reliable  LD50  values.  On  the  other  hand,  the  number  of 
data  points  associated  with  each  of  the  mortality  curves  did  not  permit 
calculation  of  slope  constants  with  any  high  degree  of  confidence.  The 
apparent  parallelism  of  the  slopes,  however,  does  suggest  that  there  may 
be  a  single  slope  constant  common  to  all  dose -mortality  curves  for  air 
blast.  In  other  words,  an  identical  slope  might  be  associated  with  all 
probit-mortality  curves  —  regardless  of  species  and  for  any  pressure¬ 
time  pattern.  Unfortunately,  any  conclusions,  in  regard  to  a  constant- 
slope  hypothesis,  have  to  await  further  study. 
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SUMMARY 


1.  A  total  of  993  small  animals  were  employed  in  this  study,  of 
which  there  were  414  mice,  218  rats,  197  guinea  pigs  and  164 
rabbits. 

2.  The  animals  were  exposed  to  graded  levels  of  overpressures  of 
different  durations  by  mounting  them  prone  on  a  concrete  pad 
above  which  high- explosive  charges  of  different  weights  were 
detonated  at  various  heights. 

3.  In  all,  185  high-explosive  charges  were  used.  The  weights 
were  64,  8,  1  and  0.25  lbs  and  0.50  oz. 

4.  Pressure-time  measurements  were  taken  with  pencil-type  and 
shock-tube  piezo-electric  gauges  mounted  on  the  concrete  pad 
directly  beneath  the  explosive  charge. 

5.  The  probit  analysis  was  applied  to  the  mortality  data.  The  LD50 
24-hour  reflected  pressures  computed  for  each  of  the  durations 
studied  were  as  follows: 


W  eight 
of  Charge 

LD50  Reflected  Pressure,  psi 

Mouse 

Rat 

0.50  oz 

39.6*(0. 

41)**  68.5(0.40) 

«•  ■■ 

32.4(0. 

55) 

-- 

-- 

-- 

0.25  1b 

29.9(1. 

3) 

46.0(1.0) 

49.4(0.85) 

67.8(0.90 

1  lb 

26.0(2. 

1) 

40.9(1.6) 

38.0(1.6) 

64.1(1.1) 

-- 

-- 

-- 

53.0(1.4) 

8  lb 

-- 

35.7(3.6) 

31.0(3.8) 

38. 1(3.6) 

64  lb 

-- 

-- 

-- 

35.5(6.8) 

♦Incident  shock  pressure,  in  this  instance. 

**The  numbers  in  parentheses  are  the  durations  in  msec. 


6.  By  combining  the  results  of  this  study  with  those  from  previous 
shock-tube  studies,  it  was  possible  to  relate  the  tolerance  of  four 
small-animal  species  to  air  blast  as  a  function  of  pressure  duration. 

7.  The  relation  between  biologic  response  and  the  physical  parameters 
of  the  blast  wave  were  briefly  discussed. 
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Comb  Dev  fe  Ops  Dlv 
Washington  25,  DC 
Attn:  SIGCO-4 

Chief  of  Transportation,  DA, 
Office  of  Planning  A  Intel, 
Washington  25,  DC 

The  Surgeon  General,  DA, 
Washington  25,  DC 
Attn:  MEDNE 

Commander- in-Chief,  U.S,  Army 
Europe, 

APO  403,  New  York,  N.Y. 

Attn:  OPOT  Div,  Weapons  Branch 


Commanding  General 

U.S.  Continental  Army  Command 

Ft.  Monroe,  Va, 
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Director  of  Special  Weapons 
Development  Office,  HQ  CONARC, 

Ft.  Bliss,  Texas 

Attns  Capt  Chester  I.  Peterson  1 

President 

U.S.  Army  Artillery  Board 

Ft.  Sill,  Okla  i 

President 

U.S.  Army  Aviation  Board 
Ft.  Rucker,  Alabama 

Attn:  ATBQ-DQ  l 

Commandant 

U.S,  Army  C&GS  College 
Ft.  Leavenworth,  Kansas 

Attn :  Archives  1 

Commandant 

U.S.  Army  Air  Defense  School 
Ft.  Bliss,  Texas 

Attn:  Command  &  Staff  Dept  1 

Commandant 

U.S.  Army  Armored  School 

Ft.  Knox,  Kentucky  1 

Commandant 

U.S.  Army  Arty  &  Missile  Sch 
Ft.  Sill,  Oklahoma 

Attn:  Combat  Dev  Dept  1 

Commandant 

U.S.  Army  Infantry  School 
Ft.  Benning,  6a. 

Attn:  C.D.S.  l 

Commandant 

Quartermaster  School,  US  Army 
Ft.  Lee,  Va. 

Attn:  Ch,  QM  Library  1 

Commanding  General 

Chemical  Corps  Training  Comd 

Ft.  McClellan,  Ala.  1 
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Commandant 

US  Army  Chemical  Corps  CBR 
Weapons  School 
Dugway  Proving  Ground 


Dugway,  Utah  1 

Commandant 

US  Army  Signal  School 

Ft.  Monmouth,  N.  J.  1 

Commandant 

US  Army  Transport  School 
Ft,  Eustis,  Va, 

Attn:  Security  &  Info  Off,  1 

Commanding  General 
The  Engineer  Center 
Ft.  Belvolr,  Va. 

Attn:  Asst.  Cmdt  Engr  School  1 

Commanding  General 

Army  Medical  Service  School 

Brooke  Army  Medical  Center 

Ft.  Sam  Houston,  Texas  1 


Commanding  Officer 
9th  Hospital  Center 
APO  180,  New  York,  N.Y, 

Attn;  CO,  US  Army  Nuclear 

Medicine  Research  Det,  Europe  1 

Director 

Armed  Forces  Institute  of  Path. 

Walter  Reed  Army  Med,  Center 
625  16th  St.  NW 

Washington  25,  D.C.  1 

Commanding  Officer 
Army  Medical  Research  Lab. 

Ft,  Knox,  Ky  1 

Commandant, 

Walter  Reed  Army  Inst  of  Res, 

Walter  Reed  Army  Med  Center 

Washington  25,  d.c.  1 

Commanding  General 
QM  RStD  Comd, 

QM  RStD  Center 
Natick,  Hass. 

Attn:  CBR  Liaison  Officer  2 
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Commanding  General 
QM  Research  &  Engr,  Comd,  USA 
Natick,  Mass 

(For  reports  from  Opn  HARDTACK 
only) 

CommHiiding  General 
US  Army  Chemical  Corps 
Research  &  Development  Comd. 
Washington  25,  DC 

Commanding  Officer 
Chemical  Warfare  Lab 
Army  Chemical  Center,  Md, 

Attn:  Tech  Library 

Commanding  General 
Engineer  Research  Si  Dev  Lab 
Ft.  Belvolr,  Va. 

Attn:  Ch,  Tech  Support  Branch 

Director 

Waterways  Experiment  Station 
PO  Box  631 
Vicksburg,  MISS. 

Attn:  Library 

Commanding  General 
Aberdeen  Proving  Ground 
Aberdeen  Proving  Ground,  Md, 
Attn:  Ballistic  Research  Lab, 
Dir.  BRL 

Commander 

Army  Ballistic  Missile  Agency 
Redstone  Arsenal,  Alabama 
Attn:  ORDAB-HT 

Commanding  General 

US  Army  Electronic  Proving 

Ground 

Ft,  Huachuca,  Arizona 
Attn:  Tech  Library 

Director 

Operations  Research  Office 
Johns  Hopkins  University 
6935  Arlington  Road 
Bethesda  14,  Md. 
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Air  Force  Technical  Application 
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Commander,  Air  Defense  Systems 
Integration  Division,  L.O, 
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Director  of  Defense  Research 
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Commander,  Field  Command 
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U.S.  Atomic  Energy  Commission 
Washington  25,  D.C. 

ATTN:  Chief,  Civil  Effects  Branch 

Division  of  Biology  and  Medicine 

Aberdeen  Proving  Ground,  Md, 

Ballistic  Research  Laboratories 

Terminal  Ballistics 

Attn:  Mr.  Robert  O.  Clark,  Physicist 

Mr,  William  J.  Taylor,  Physicist 


Airborne  Instrument ■  Laboratory 

Department  of  Medicine  and  Biological  Physics 

Deer  Park,  Long  Island,  New  York 

Attn:  Mr,  V.  J,  Carberry  1 

Air  Force  Special  Weapons  Center 
Kirtland  Air  Force  Base 
Albuquerque,  N.M 
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Dr.  Kubertus  Strughoid,  Advisor  for  Research  fc  3 
Professor  of  Space  Medicine 
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The  Boeing  Company  3 

P.  0.  Box  3707 
Seattle  24,  Washington 

Attn:  Dr,  Thrift  0.  Hanks,  Director  of  Health  fa  Safety 

Dr.  Romney  H.  Lowry,  Manager,  Space  Medioine  Branch 

Dr.  F,  Werner,  Jr.,  Space  Medicine  Section 
P.0.  Box  3915 

Chance  Vought  Astronautics  5 

P.  0.  Box  5907 
Dallas  22,  Texas 

Attn:  Dr.  Charles  F.  Cell,  chief  Life  Sciences 
Dr,  Lathan 

Mr,  Ramon  McKinney,  Life  Sciences  Section 
Mr.  C.  0.  Miller 

Mr,  A.  X.  Sibils,  Manager  Space  Sciences 

Chemical  Corps  Research  &  Development  Command  2 

Chemical  Research  fa  Development  Laboratories 
Army  Chemical  Center,  Md. 

Attn:  Dr,  Fred  W.  Stemler 
Dr.  R.  S.  Anderson 

Civil  Aeromedlcal  Research  Insitiute  1 

Oklahoma  City,  Oklahoma 
Attn:  Director  of  Research 


Convair  Division,  General  Dynamics  Corpn.  2 

Fort  Worth,  Texas 
Attn:  Mr,  H,  A.  Bodely 
Mr.  Schreiber 

Convair  -  General  Dynamics  Corporation  8 

Mail  Zone  1-713 

P.  0.  Box  1950 

San  Diego  12,  California 

Attn:  Dr,  R.  C.  Armstrong,  Chief  Physician 

Dr.  J.  C.  Clark,  Assistant  To  Vice-President  Engineering 
Mr.  James  Dempsey 

Dr,  L,  L,  Lowry,  Chief  Staff  Systems  Evaluation  Group 
Mr.  M.  H.  Thiel,  Design  Specialist 

Dr.  R.  A.  Nau  (Mail  Zone  6-104) 

Mr.  W.  F.  Rector,  Ill  (Mail  Zone  580-40),  P.0.  Box  1128 

Mr.  R,  C,  Sebold,  Vice-President  Engineering 
Convair  General  Offices 
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Defense  Atomic  Suppor  Agency 

Department  of  Defense 

Field  Command 

Sandia  Base,  New  Mexico 

Attns  Col.  S.  W.  Cavender,  Surgeon 


The  Dlkewood  Corporation 
4805  Menaul  Blvd.,  N.E. 

Albuquerque.  New  Mexico 

Douglas  Aircraft  Company,  Inc. 

El  Segundo  Division 
El  Segundo,  California 
Attn:  Mr.  Harvey  Glassner 
Dr.  E,  B.  Konecci 

Federal  Aviation  Agency 
Washington  25,  D.C. 

Attn:  Dr.  James  L.  Goddard,  Civil  Air  Surgeon 

Goodyear  Aircraft  Corporation 
Department  475,  Plant  H 
1210  Massillon  Road 
Akron  15,  Ohio 
Attn:  Dr,  A,  J,  Cacloppo 

Harvard  School  of  Public  Health 
Harvard  University 
695  Huntington  Avenue 
Boston  15,  Mass, 

Attn:  Dr.  Ross  A.  McFarland,  Associate  Professor 
of  Industrial  Hygiene 


Mr,  Kenneth  Kaplan 
Physicist 

Broadview  Research  Corporation 
1811  Trousdale  Drive 
Burlingame,  Calif, 

Lockheed  Aircraft  Company 
Suite  302,  First  National  Bank  Bldg. 
Burbank,  California 
Attn:  Dr,  Charlos  Barron 


Lockheed  Aircraft  Corporation  3 

Lockheed  Missile  and  Space  Division 
Space  Physics  Department  (53-23) 

Sunnyvale,  California 

Attn:  Dr.  W.  Kellogg,  Scientific  Assistant  to 
Director  of  Research 
Dr,  Heinrich  Rose 

Lockheed  Aircraft  Corporation 
1122  Jagels  Road 
Palo  Alto,  California 

Attn:  Dr.  L.  Eugene  Root,  Missile  Systems  Director 

Lovelace  Foundation  for  Medical  Education  and  Research  50 

4800  Qibson  Blvd.,  SE 
Albuquerque,  N.M, 

Attn:  Dr,  Clayton  S,  White,  Director  of  Research 

The  Martin  Company  1 

Denver,  Colorado 

Attn:  Dr.  James  0.  Gaume,  Chief,  Space  Medicine 

Me Donne 1  Aircraft  Company 

Lambert  Field 

St.  Louis,  Missouri 

Attn:  Mr.  Henry  F.  Creel,  Chief  Airborne  Equipment 

Systems  Engineer 

Mr,  Bert  North 

National  Aeronautics  and  Space  Administration  1 

1520  "H"  Street,  N.W. 

Washington  25,  D.C. 

Attn:  Brig.  Gen.  Charles  H.  Roadman,  Acting  Director, 

Life  Sciences  Program 


Naval  Medical  Research  Institute  1 

Bethesda,  Md, 

Attn:  Dr,  David  E,  Goldman,  MSC,  Commander 

Department  of  the  Navy  1 

Bureau  of  Medicine  &  Surgery 
Washington  25,  D.C. 

Attn:  Capt.  G.  J.  Duffncr,  Director,  Submarine  Medical  Division 
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North  American  Aviation  4 

International  Airport 
Los  Angeles  45,  Calif. 

Attn:  Scott  Crossfield 

Dr.  Toby  Freedman,  Flight  Surgeon 

Mr,  Fred  A.  Payne,  Manager  Space  Planning, 

Development  Planning 
Mr.  Harrison  A.  Storms 

Office  of  the  Director  of  Defense  Research  &  Engineering  1 

Pentagon 

Washington  25,  D.C, 

Attn:  Col.  John  M,  Talbot,  Chief,  Medical  Services  Division, 
Room  3D1050  Office  of  Science 

The  Ohio  State  University  2 

410  West  10th  Avenue 
Columbus  10,  Ohio 

Attn:  Dr.  William  F.  Ashe,  Chairman,  Department  of 

Preventive  Medicine 
Dean  Richard  L.  Meiling 

The  RAND  Corporation  2 

1700  Main  Street 
Santa  Monica,  Calif. 

Attn:  Dr.  H.  H.  Mitchell,  Physics  Division 
Dr.  Harold  L.  Brode 

Republic  Aviation  Corporation  3 

Applied  Research  &  Development 
Farmlngdale,  Long  Island,  N.Y, 

Attn:  Dr.  Alden  R.  Crawford,  Vice-President 

Life  Sciences  Division 

Dr,  William  H,  Helvey,  Chief,  Life  Sciences  Division 
Dr.  William  J,  O'Donnell,  Life  Sciences  Division 

Sandla  Corporation  5 

P.  0.  Box  5800 
Albuquerque,  New  Mexico 

Attn:  Dr,  C.  F.  Quate,  Director  of  Research 
Dr.  S,  P,  Bliss,  Medical  Director 
Dr.  T.  B,  Cook,  Manager,  Department  5110 
Dr.  M,  L.  Merritt,  Manager,  Department  5130 
Mr.  L.  J,  Vortman,  5112 

System  Development  Corporation  1 

Santa  Monica,  California 
Attn:  Dr.  C,  J,  Roach 
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United  Arlcraft  Company 

Denver,  Colorado 

Attn:  Dr.  George  J.  Kidera, 


Uedical  Director 


s’ssrts?*"-*- «-  ***• 

Lob  AngeleB  24,  Calif0rnia 

Attn.  Dr.  G. **•  ^^onnel,  Associate  Professor 
Dr.  Benedict  Ca8aen 


1 
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University  of  Illinois 
Chicago  Professional  Collets 
840  Wood  Street 
Chicago  12,  Illinois 
Attn:  Dr.  John  P.  Marbarger, 
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Director,  Aeromedlcal  Laboratory 


University  of  Kentucky 
School  of  Medicine 
Lexington,  Kentucky 

Attn.  Dr.  Loren  D.  Carlson,  Professor  of  Physiology 

&  Biophysics 


University  of  New  Mexico 
Albuquerque,  New  Mexico 
Attn:  Library 


U.  S.  Naval  Ordnance  r  _  „ 

White  Oak,  Maryland  Uboratory  2 

Attn:  Capt.  Richard  r.  ^  Msc 
Mr.  James  F.  RouUon’ 

U.  S.  Naval  School  of  .  , 

V.  8.  Naval  Aviation  MedwJ’ ln®  1 

Pensacola,  Florida  M*dlcal  Center 

Attn:  Capt.  Ashton  Graybiel,  Director  of  Research 
Dr,  Shields  Warren 

Cancer  Research  Instate  1 

New  England  Deaconess  woattl+,T 
194  Pilgrim  Road  Hospital 

Boston  15,  Mess, 

Wright  Air  Development  Center  2 

Aeromedlcal  Laboratory 
Wright-Patterson  Air  , 

Attn:  Commanding  B  ’  0hio 

Dr,  Henning  vonGierke,  Chief,  Bioacoustics  Laboratory 
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Dr.  Eugene  Zwc»yer 
Director,  Shocifc  rube  Laboratory 
P.  0.  Box  188 
University  Station 
Albuquerque,  hjew  Mexico 

Armed  Services  Technical  Information  Agency 
Arlington  Hal\  station 
Arlington  12,  Virginia 

Commanding  Officer 

U.  S.  Naval  W© apons  Laboratory 

Dahlgren,  Virginia 

Mr.  Arthur  E.  Hlrscfc 
Code  258 

David  Taylor  Model  Basin 
Washington  7,  D.  C. 

RAF  Medical  Li.aison  Of  f  icer 
British  Embassy 

3100  Massachusetts  Avenue 
Washington,  D.  c. 

North  American  Aviation,  InC. 
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ATTN:  Technical  iniormation  Center 


